Background: It has been proposed that treatments for irritable bowel syndrome with constipation (IBS-C) should provide rapid symptomatic relief, be intermittent, and effective upon repeated use. Aims: To evaluate the efficacy and safety of tegaserod on IBS symptoms, and its impact on quality of life and health economic measures. Patients: Women (>18 years of age) with IBS-C according to the Rome II criteria. Methods: Prospective, double blind, placebo controlled, randomised trial. Women with IBS-C either received tegaserod 6 mg twice daily or placebo for one month. Patients with at least a partial response entered a treatment free interval. Upon symptom recurrence, tegaserod treated patients were re-randomised to tegaserod or placebo for an additional month. Primary efficacy variables were response (overall IBS symptoms and abdominal discomfort/pain) to first and repeated treatment. Analysis was by intention to treat. Results: 2660 patients and 1191 patients were randomised for first and repeated treatment respectively. Tegaserod was superior to placebo for each primary efficacy variable (first treatment: 33.7% v 24.2% responders respectively for relief of IBS symptoms and 31.3% v 22.1% for relief of abdominal discomfort/ pain; repeated treatment: 44.9% v 28.7%, and 42.4% v 27.1%, all p,0.0001). Tegaserod was superior to placebo for every secondary efficacy variable (relief of abdominal discomfort/pain, bloating and constipation; stool frequency and consistency). A response to tegaserod was observed within the first treatment week. Tegaserod produced greater satisfaction, work productivity, and improved quality of life than placebo (p,0.05). Conclusion: Tegaserod provides rapid and sustained relief of IBS-C symptoms both during first and repeated treatment.
I
rritable bowel syndrome (IBS) is characterised by multiple chronic symptoms (abdominal discomfort/pain, altered bowel habits, bloating), which vary in intensity, and has a point prevalence of 10-15% in Western countries. 1 Continuous treatment over 12 weeks with the 5-HT 4 receptor agonist tegaserod improves symptoms in women with IBS with constipation (IBS-C). 2 3 Given the intermittent nature of symptoms, shorter treatment courses with repeated treatment upon symptomatic relapse might be an attractive option for many patients. Repeated treatment is often necessary in IBS-C, as symptoms almost invariably return over time, but has not been subject to controlled studies. In 2003, the European Committee for Medicinal Products for Human Use (CHMP) published ''Points to Consider'' on the conduct of clinical trials in IBS, 4 recommending the use of a rerandomisation design and two primary outcome variables for drugs intended for short term symptomatic relief of IBS. Uncontrolled data suggest that repeated treatment is effective in IBS-C patients responding to initial tegaserod therapy. [5] [6] [7] The current study was a controlled trial designed to evaluate the efficacy and safety of repeated treatment with tegaserod, and assess the impact of tegaserod on quality of life (QoL) and health economic measures in IBS-C.
METHODS

Study design
This prospective, double blind, randomised, multicentre trial was designed to study the efficacy and safety of first and repeated tegaserod treatment in women with IBS-C. It included a four week screening period, a two week baseline period (no study medication), and two four week placebo controlled treatment periods (first and repeated treatments), separated by a treatment free interval (TFI) (fig 1) . During first treatment, patients received either tegaserod 6 mg twice daily or placebo for four weeks (allocation ratio 4:1). This ratio was used to ensure a sufficient number of patients for the primary efficacy evaluation of repeated treatment. The random allocation sequences were generated by an automated system which was independent of the investigator and study sponsor. The codes were kept confidential until the end of the study when the randomisation code was broken. All patients, study investigators, and sponsor's staff were blinded to the randomisation codes and the screening and follow up study assessments were completed by study personnel who were blinded to the randomisation code. Patients with at least a partial response (satisfactory relief of either overall IBS symptoms for at least two of the first four treatment weeks or abdominal discomfort/pain in at least two of the first four treatment weeks) entered the TFI. The TFI (2-12 weeks) depended on the time to recurrence of IBS symptoms after the end of first treatment. If symptoms recurred within 12 weeks (absence of satisfactory relief of overall IBS symptoms for at least three out of four consecutive weeks and abdominal discomfort/pain for at least three out of four consecutive weeks) patients were eligible for repeated treatment. Subjects without recurrence of their symptoms within 12 weeks were not studied further. Patients who received tegaserod during first treatment were re-randomised to either tegaserod or placebo (ratio 1:1); those receiving placebo during first treatment were mock randomised to tegaserod in the repeated treatment period. This allowed for the treatment blind to be maintained while ensuring that each patient who experienced at least a partial response during first treatment received active treatment during at least one four week cycle.
Concomitant medications
Medications affecting gastrointestinal motility and/or visceral perception were not permitted for the entire duration, including the TFI. Bisacodyl or another pre-agreed laxative could be used as rescue medication by patients without a bowel movement for >96 hours and no less than moderate (3 or 4 on the daily scale) lower abdominal discomfort/pain or bloating.
Patient population
Inclusion/exclusion criteria Women (18-65 years of age) meeting Rome II criteria for IBS-C 8 and having experienced abdominal discomfort/pain with two of the following characteristics: (1) relief with defecation; (2) onset associated with a change in stool frequency; (3) onset associated with a change in stool form, for at least 12 weeks (not necessarily consecutive) during the previous 12 months were included. Patients had to have previously used non-pharmacological therapy (for example, diet and lifestyle changes) for two months or more without adequate improvement of their IBS-C symptoms. Patients were excluded if they had diarrhoea at least 25% of the time during the previous three months, any history of cathartic colon or laxative abuse, or any other significant bowel disorders. Women were recruited mainly from secondary and tertiary care settings. Patients who had previously used tegaserod (clinical trials or commercially available) were allowed if their last dose was .30 days before study entry.
Study assessments
Visits took place at screening, start of baseline (day -14), and on the first and last day (that is, days 1 and 29) of both treatment periods. During the TFI, visits occurred monthly. Patients recorded all symptoms and intake of study medication or laxative in an electronic patient diary. Use of concomitant medication and adverse events were recorded at each visit. Additional safety data, such as haematology, blood chemistry, urinalysis, physical condition, electrocardiograms (ECGs), and vital signs were monitored.
Primary efficacy was assessed using a binary scale based on the patient answers to the following weekly questions: ''Did you have satisfactory relief of your overall IBS symptoms during the last week?'' and ''Did you have satisfactory relief of your abdominal discomfort or pain during the last week?'' The question on ''satisfactory relief'' has previously been used in studies of tegaserod 9 10 and ''satisfactory relief'' has been shown to best represent individual perception of relief in overall IBS symptoms, discomfort, and pain. 11 12 Secondary efficacy parameters included weekly assessment of constipation relief (binary scale) and daily assessment of abdominal discomfort/pain, bloating, stool consistency, all using a 7-point scale, and stool frequency. Patients were asked to assess their overall satisfaction with treatment at the end of each treatment period. Additionally, patients completed the IBS Figure 1 Flow chart depicting the selection and evolution of patients, during the different phases of the study. *Includes patients who entered the treatment free interval (TFI) without having met the partial response criteria.
specific QoL questionnaire (IBS-QoL), 13 Work Productivity Activity Impairment for IBS with Constipation (WPAI:IBS-C), 14 and the health related QoL EQ-5D 15 16 questionnaires at baseline and at the end of first and repeated treatment. WPAI:IBS-C and EQ-5D were also assessed after two weeks during both treatment periods. Primary, secondary assessments, and QoL, WPAI:IBS-C, and EQ-5D questionnaires were completed by patients using an electronic patient diary. As a result of a programming error with the electronic patient diaries, IBS-QOL, WPAI:IBS-C, and EQ-5D data for the repeated treatment period could not be analysed; therefore, only results for the first treatment period are reported here.
Statistical methods
By simulation, sample sizes of 2000 patients in the tegaserod group and 500 patients in the placebo group for the first treatment period were found to be sufficient to detect differences between tegaserod and placebo of 15% in responder rates for relief of overall IBS symptoms and 10% for relief of abdominal discomfort/pain during first and repeated treatment simultaneously with 90% power at a two sided significance level of 0.05.
The four primary efficacy variables were response for relief of overall IBS symptoms and relief of abdominal discomfort/ pain for both first and repeated treatment. Response was defined as at least three weeks with satisfactory relief during four weeks of treatment (75% rule). Secondary efficacy variables included response based on a 50% rule as proposed by the CHMP 4 (similar to the 75% rule, but using at least two out of four weeks with satisfactory relief), response for weekly relief of constipation (75% rule), daily diary assessments, and their weekly averages. Weekly improvement in abdominal discomfort/pain or bloating was defined as a >1 point reduction from baseline.
Comparisons between treatment groups for repeated treatment were restricted to patients initially treated with tegaserod. Sequentially rejective multiple testing was applied to the primary efficacy variables using a predefined order to maintain an overall 5% type I error rate. Response variables were compared between treatments using a Cochran-MantelHaenszel test adjusting for centre (primary response, repeated treatment: additionally for first treatment response). The daily (week 1 to assess onset of effect) and weekly non-binary variables were evaluated by mixed linear model analysis. The binary variables were evaluated by the generalised estimating equation method, the factors being treatment, centre, and timepoint. Time to recurrence was analysed by the log rank test. ANCOVA, with the factors treatment, centre, and covariates age, baseline score, was applied to QoL and health economic measures. Nominal p values (two sided) are shown. Analysis was by intention to treat. Post hoc comparisons of adverse event rates (>1% in any group) used Fisher's exact test.
Study conduct
The study protocol was approved by ethics committees at all participating centres and performed according to the Declaration of Helsinki and the principles of good clinical practice. All patients gave written informed consent.
Role of funding source
The sponsor planned and conducted the study, and analysed the resulting data. Authors had full access to all the data from the study, were involved in data interpretation, produced and directed the manuscript, which was further developed in collaboration with the sponsor, and had final responsibility for the decision to submit for publication.
RESULTS
Patient population, baseline characteristics, and treatment A total of 4689 women from 267 centres in 24 countries were screened, and 2660 were eventually randomised (fig 1) . Demographic and baseline characteristics were similar across treatment groups at baseline (table 1) and at entry to repeated treatment. Most patients were white (82.1%) and aged 25-55 years (75%). Laxative intake during each study period was infrequent and balanced between treatment groups.
Of 2135 patients treated with tegaserod (525 placebo) in the first treatment period, 1194 (250 placebo) entered the TFI. Of the patients initially treated with tegaserod, 983 qualified for repeated treatment and were re-randomised to tegaserod (488) or placebo (495).
Primary efficacy outcomes (''75% rule'') Tegaserod was significantly superior to placebo for all four primary efficacy variables (response for relief of overall IBS symptoms and relief of abdominal discomfort/pain during both first and repeated treatment; fig 2) . In the mock randomised group, responder rates during repeated treatment were 41.8% and 36.5% for relief of overall IBS symptoms and relief of abdominal discomfort/pain, respectively.
Secondary efficacy outcomes
Responder rates (50% rule) were significantly greater with tegaserod than placebo during first and repeated treatment (table 2) . The treatment differences for the responder rates based on the 50% and the 75% rule were comparable.
For both overall IBS symptoms and abdominal discomfort/ pain, the weekly proportion of patients with satisfactory relief was significantly (p,0.05) greater with tegaserod than placebo for all weeks during first and repeated treatment. This indicates onset of the effect in week 1, which was then sustained in weeks 2-4. The more precise day of onset of effect in week 1, as reflected by daily recorded symptoms, and other key secondary efficacy variables, is summarised in table 3 and figure 3 .
During the TFI, a gradual recurrence of symptoms occurred after both placebo and tegaserod treatment. No rebound effect (rapid exacerbation of gastrointestinal symptoms beyond pretreatment levels) was observed in tegaserod treated patients for any individual IBS symptoms (abdominal discomfort/pain, bloating, bowel movements, stool consistency). The threshold for symptom recurrence during the TFI was not reached in 143 patients (6.7%) in the tegaserod group and 30 patients (5.7%) in the placebo group. These patients were not eligible for repeated treatment. For patients with symptomatic recurrence, slightly lower severity levels were observed in the tegaserod group before repeated treatment than before first treatment (for example, 3.7 v 4.0 for discomfort/pain, 3.9 v 4.2 for bloating). Similar results were observed in the placebo group. The median time to recurrence was 4.0 weeks for tegaserod treated patients and 4.7 weeks for patients administered placebo. The difference was not statistically significant.
QoL and health economics related outcomes
Tegaserod significantly improved IBS-QoL scores and improved work productivity scores compared with placebo during the first treatment period (p,0.05). Significantly more patients in the tegaserod than the placebo group reported overall treatment satisfaction with first and repeated treatment (fig 4) , including greater relief of IBS symptoms compared with previous medication, greater willingness to use the drug in the future, and greater willingness to recommend it to others with IBS.
Patients treated with tegaserod had significantly greater work productivity in the first treatment period than those receiving placebo as measured by the WPAI:IBS-C, including less presenteeism (less impairment while at work), less absenteeism (less work time missed), less work impairment (combination of presenteeism and absenteeism), and less activity impairment (p,0.05). Detailed results on WPAI:IBS-C, EQ-5D, and IBS-QOL will be presented elsewhere.
Safety and tolerability
The safety profile of tegaserod was similar to that seen in previous studies (table 4) . Headache and diarrhoea were Figure 2 Response rate for relief of overall IBS symptoms and for relief of abdominal discomfort/pain during both first and repeated treatment. During both treatment periods, relief was significantly (*p,0.0001) greater with tegaserod than with placebo. For repeated treatment, both tegaserod and placebo groups had received tegaserod in first treatment. D = difference in response rate (95% confidence interval). Figure 3 Weekly proportion of patients with satisfactory relief during first and repeated treatment. During both treatment periods, the weekly proportion of patients with satisfactory relief was significantly (*p,0.05) greater with tegaserod than placebo for all weeks. For repeated treatment, both tegaserod and placebo groups had received tegaserod in first treatment. EOT, end of treatment.
reported more frequently in patients receiving tegaserod than placebo. The profile of adverse events with repeated treatment was similar to that seen with first treatment.
The only adverse event reported significantly (p,0.05) more frequently with tegaserod than placebo was diarrhoea. Transient diarrhoea occurred in ,5% of tegaserod treated patients during first treatment and ,2% during repeated treatment. Most patients experiencing diarrhoea with tegaserod only had one episode (median duration 2.5-3.5 days) that resolved spontaneously or with an antidiarrhoeal. With the exception of nausea, all other differences in adverse event rates between the tegaserod and placebo groups were ,1%.
During first treatment, 2.2% of the tegaserod group and 1.1% of the placebo group discontinued treatment because of an adverse event. The difference was driven primarily by diarrhoea, which led to discontinuation in 0.9% of tegaserod patients and no placebo patients. During repeated treatment, the number of patients discontinuing treatment because of an adverse event was similar in the tegaserod and placebo groups (0.8% and 0.6%, respectively). No deaths were reported during the study. There were no cases of ischaemic colitis during the study period and no clinically relevant changes in laboratory values, ECG parameters, or vital signs.
DISCUSSION
This large, multinational, randomised, placebo controlled study is the first to report use of a repeated treatment design, as suggested by the CHMP for the evaluation of drugs intended for short term use in IBS-C. 4 In most patients, IBS symptoms are intermittent, with symptomatic episodes interrupted by symptom free days. 18 19 The cyclical nature of IBS-C makes repeated treatment an attractive management option, but fluctuations of stool pattern and symptom profile over time are major challenges when designing a controlled study of repeated treatment. 20 The present study establishes that tegaserod is effective and well tolerated during both first and repeated treatment in women with IBS-C, with repeated treatment evaluated only for those who responded to first treatment. Tegaserod was associated with rapid and sustained relief of all IBS symptoms during first and repeated treatment, with statistical significance versus placebo reached between days 1-3 for daily recorded symptoms, maintained through day 7 and for weeks 2-4. The clinical benefits of tegaserod observed with the primary variables (response in relation to relief of overall IBS symptoms and relief of abdominal discomfort/pain during both first and repeated treatment) were confirmed by its effect on secondary efficacy variables including relief of constipation, reduced intensity of abdominal discomfort/pain and bloating, more frequent bowel movements, and improved stool consistency. Following cessation of treatment and entry to the TFI, there was no evidence of a rebound effect as symptoms did not return with increased severity. The results from this study are consistent with those from studies that investigated use of tegaserod continuously for 12 weeks. 2 3 9 10 Importantly, despite the short treatment duration in the current study, the observed clinical benefits were associated with significant improvements in QoL, improved work productivity, and a higher level of patient satisfaction with tegaserod than placebo. Concerns have been raised previously regarding the design of IBS clinical trials that involve re-randomisation. 20 These concerns relate to the definition of recurrence and the possibility of treatment related differences in the course of recurrence with the risk of subsequent re-randomisation compromising the treatment blind. In this study, recurrence was defined as the absence of satisfactory relief of overall IBS symptoms and abdominal discomfort/pain for three or more out of four consecutive weeks. Symptom recurrence during the TFI followed a quasi-linear course, for both the tegaserod and placebo groups, with similar median time to recurrence, indicating that the treatment blind is unlikely to have been compromised. The median time to recurrence was similar in an uncontrolled study of IBS-C that used the same recurrence criterion (based on overall relief alone). 21 In the present study, the severity of symptoms following recurrence was less pronounced than at baseline before first treatment. However, repeated treatment with tegaserod still provided a significant benefit compared with placebo.
Overall, tegaserod provides clinically meaningful benefit to women with IBS-C. In patients who have responded to a first course of treatment, repeated treatment with tegaserod is very effective with a NNT as low as 5.0 for relief of abdominal discomfort/pain and 5.9 for relief of overall IBS symptoms.
This study of repeated treatment is an important advance in the approach to the management of patients with IBS. The data provide new insights into the efficacy of tegaserod in women with IBS-C when used for short term, repeated treatment of symptomatic exacerbations. manuscript. We thank Jennifer Kelsey (Thomson Acumed) for editorial support. We also thank the following physicians for their participation in this study. Argentina: G Iantorno, A Zalar 
Answer
From question on page 1671
Computed tomography (CT) (fig1) showed loops of thick walled distal small bowel and a 362 cm non-calcified mass within the bowel mesentery, surrounded by streaky fibrosis. There was no associated lymphadenopathy. Appearances were in keeping with a small bowel carcinoid tumour.
The histology slide of the resected bowel and mesentery (fig 2) confirmed an infiltrating carcinoid tumour (right arrow) associated with sclerotic encasement and constriction of the mesenteric vessels (left arrow). This compromised the vascular supply leading to intestinal ischaemia, which was the cause for her symptoms rather than carcinoid syndrome.
Diarrhoea is a common feature of carcinoid syndrome and relates to the production and systemic release of serotonin and other peptide hormones by hepatic metastases. However, this patient's liver ultrasound was normal. Another well recognised complication of midgut carcinoids is sclerosis of the mesenteric vessels due to the direct effect of peptide secretion on the local blood vessels. This can result in bowel ischaemia or even infarction.
Chronic intestinal ischaemia has been found at laparotomy in up to one third of patients with advanced midgut carcinoids. 1 Techniques such as three dimensional CT angiography enable visualisation of the tumour and its relationship to the local vessels. Use of conventional angiography is diminishing but has a role when imaging studies are equivocal. Exploratory surgery is often required to confirm the diagnosis. Definitive management is surgical, with careful dissection of the vasculature and resection of the affected bowel and mesenteric segment. However, short bowel syndrome may result if extensive bowel resection is required. In selected cases, vascular bypass surgery has been successful in symptom palliation. Tegaserod retreatment trial in C-IBS
